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SUMMARY
In the last decade many studies have focused on phase behaviour of polymer blends. It
determines the morphology and therefore to a large extent the mechanical properties. The
most simple, well known and often used property to determine phase behaviour in polymer
blends is the glass transition temperature Tr. A single T, is a well accepted criterion for the
occurrence of miscibility. An important prerequisite is that the Tr's of the polymers are
sufficiently far apart, say 10-20 K. However, recent studies have shown that this limiting
condition to determine miscibility is in fact superfluous. This has been achieved by examina-
tion of the enthalpy recovery behaviour of the glassy state of the polymer blends after anneal-
ing below the respective Tr. Miscible polymer blends respond to annealing at an appropriate
temperature as a one component system and during heating one relaxation peak appears,
whereas in the case of a phase separated system various relaxation peaks are observed. These
relaxation peaks are also detectable in polymer blends with nearly identical T, values. The
phenomenon of enthalpy relaxation of amorphous polymers has been developed into an
analytical tool which can be applied to explain phase behaviour and morphology of (semi-
crystalline) polymer blends. The exploration of enthalpy relaxation as an alternative and
sometimes unique tool to determine various physical properties like miscibility, concentration
fluctuations, morphology (interphases) etc. constitutes the Leitmotiv of this thesis.
In chapter I enthalpy relaxation behaviour of polymers and polymer blends is reviewed
concerning its application as an alternative thermal analysis technique.
In chapter 2 the enthalpy relaxation method is used to examine the phase behaviour of
random copolymer blends containing styrene (S) and ortho- or para- fluorinated styrene (oFS,
pFS). From a thermodynamic viewpoint, blends involving random copolymers are interesting
because miscibility may occur despite unfavourable interactions between the segments in-
volved. This is due to the now familiar 'intramolecular repulsion' effect, which is briefly
discussed. Already many years ago the corresponding chlorinated systems were studied, not
hampered by a particular feature of the fluorinated systems: the almost invariance of the glass
transition temperatures for the degree of fluorination. Now, with the new thermal analysis
technique available the phase behaviour is established and the values of the Flory-Huggins X-
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parameters involved are estimated. These values are believed to be important because of the
ultimate goal of reaching a stage where reasonable predictions about polymer-polymer mis-
cibility can be made on the basis of a database of 1-parameters values. The experimentally
determined value of 1s,ons is much smaller than of Xs,pr.s, which in turn is approximately the
same as XoFs,pFs. In most respects the phase behaviour found is similar to the corresponding
chlorinated systems. In both cases, the effect of the ortho-substitution is as expected consid-
erably smaller than that of the para-substitution. There is a subtle but essential difference
between the blends. In the blend PS/P(oClS-co-pClS) the intramolecular repulsion in the
copolymer component is strong enough to give rise to a miscibility window for high molecu-
lar weights. In the case of PS/P(oFS-co-pFS) blends the intramolecular repulsion, in the sense
that the value of the interaction parameter between the monomers of the random copolymer is
larger than that of the two other parameters involved, is absent and miscibility only occurs at
much lower molecular weights.
Enthalpy relaxation behaviour of miscible blends of homopolymers with comparable T,
values turns out to be essentially the same as that of the pure components. If the T, values are
completely different, however, this seems no longer to be the case. This prompted us to
investigate blends of polystyrene (PS, Te= 376 K) and poly(oxy-2,6-dimethyl-1,4-phenylene)
(PPE, Te= 475 K). These two polymers constitute one of the best known miscible pairs. The
relaxation behaviour of these polymers and blends thereof is compared and the data are
analyzed using Moynihan's four-parameter approach, which describes the relaxation behaviour
of glassy polymer systems. For the pure components the best fit parameter values for the
simple cooling/heating experiments differ somewhat from those for the annealing experi-
ments, but a satisfactory description can be given. However, the annealing experiments on the
blends can not be fitted with the Moynihan model. The amount of enthalpy relaxation during
annealing of the blends turns out to be considerably lower than for the corresponding ho-
mopolymers. This observation agrees with a similar result found by Cowie and Fergusson for
blends of PS and poly(vinyl methyl ether) (PVME). It seems to be characteristic for polymer
blends with a large difference in the glass transition temperature of the blend components.
Cowie and Fergusson argue that this effect is due to the relaxation being restricted to the
component with the lower Tr. A more likely explanation is the presence of concentration
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and consequently the relaxation rate and thus also the amount of relaxation varies from place
to place.
In chapter 4 the morphology of two semi-crystalline polymer blends is investigated. The
morphology of these blends is complex and a number of open questions remain to be solved.
Both blends investigated contain an amorphous and a semi-crystalline polymer, which are
completely miscible in the melt. Upon cooling the system starts to phase separate due to
crystallization of the semi-crystalline component. Several morphologies are possible: inter-
lamellar, interspherulitic or interfibrillar structure. The properties that give rise to these
different morphologies are not completely understood yet. An important parameter could be
the glass transition temperature of the amorphous component Tg,u in relation to the crystalli-
zation temperature. To study its effect, blends containing the semi-crystalline polymer poly(e-
caprolactone) (PCL) with the amorphous random copolymer of styrene and acrylonitrile
(SAN, Ts,u = 381 K) and with amorphous PVME (Te,u = 248 K) are investigated. These blends
represent he two extreme cases corresponding to T. << Tr,u and T" >> Tg,u, where T., the
crystallization temperature, is around 308 K. The morphology has been studied by small angle
X-ray scattering, optical microscopy and DSC experiments. For both blends the distance
between the lamellae increases with the addition of amorphous polymer, which is a strong
indication for an interlamellar morphology. The overall amount of crystallinity in both blends
decreases with increasing content of amorphous polymer. This decrease is not surprising,
since the amount of crystallizable polymer is reduced. However, the fraction of PCL that
crystallizes decreases in PCL/SAN and increases slightly in PCI-/PVME. Apparently, the
addition of the low Tg,o PVME improves the crystallization of PCL in accordance with a
simple Gamblers Ruin Model type argument. The high Tr,u of SAN inhibits the same to occur
in PCL/SAN blends.
Interphases play an important role in many applications involving adhesion and deter-
mine to a large extend the mechanical properties of various materials. The lamellar morphol-
ogy of semi-crystalline polymer blends has been argued to contain four distinct phases: a
crystalline phase, a mixed amorphous phase, a transition zone between the crystalline and
amorphous phase consisting of pure amorphous semi-crystalline polymer and an interphase
required to change the composition from pure homopolymer near the crystal surface to the
mixed amorphous phase. Experimentally it is often difficult to observe the last mentioned
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interphases. In chapter 5 the existence of an amorphous interphase consisting exclusively of
the semi-crystalline component in semi-crystalline polymer blends of poly(vinylidene flu-
oride) / poly(methyl methacrylate) (PVDF/PMMA) and PCL/PVME is studied using the
enthalpy relaxation method. If the interphase is present, annealing at suitable temperatures
results in enthalpy relaxation of this interphase. In this way it is demonstrated that both blends
indeed contain an amorphous-crystalline interphase. In the case of PVDF/PMMA blend, with
totally different T, values for the amorphous and mixed amorphous phase, this was well
known. Here, the advantage of the enthalpy relaxation method is, that it can be used to esti-
mate the total amount of interphase material. For a PVDF/PMMA blend with 25 wtTo PMMA
this turns out to be 32 wt%o of all PVDF in the sample. In those cases where a composition
gradient across an interphase exists, annealing at suitable temperatures may restrict the
relaxation to a part of the interphase only. This has been observed experimentally in blockco-
polymer systems, which contain a relative large amount of interphase material and is de-
scribed by a simple model assuming that the interphase consists of discrete fractions contribuf-
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